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per angusta

ad augusta

>R if a surveyor of some few Lordships, whereof the bounds and limits were

before knowne, worthily deserve his reward, not onely for his travell, but for his

skill also in measuring the whole and everie part thereof, how much more, above

comparison, are their famous travells by all meanes possible to be eternized, who

have bestowed their studies and indeavor to survey and measure this globe, almost

immeasurable? Neither is here that difference to be objected, which in private

possessions is of value: Whose land survey you? forasmuch as the maine Ocean

by right is the Lord's alone, and by nature left free for all men to deale withall,

as very sufficient for all men's use, and large enough for all men's industry.

COVER BY: MUNNS

"The World Encompassed"
Sir Francis Drake
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Fish flour for the world's hungry

A,.N excellent fish flour was developed in the U.S.A. some years ago. Almost

odorless and tasteless, the flour was produced cheaply from fish classed as "trash".

Added to people's diet to provide the necessary animal protein to prevent starva-

tion and make the people healthier so that they would .increase their own pro-

ductivity, this fish flour appeared to be an answer to the hunger problem. However,

the meal was produced from the whole fish, head, guts and all. Although proven

completely harmless and most nutritious, the flour nevertheless had to be labelled:

"Not fit for human consumption in the U.S.A." Obviously this labelling raised

difficulties in our political and propagandized world. If the flour was not fit for

human consumption in North America why should indigenous east-west, north or

south people take to it? In late December it was announced that workers at the

Bureau of Commercial Fisheries (Interior Department) perfected a process for

producing a clinical pure fish concentrate with an 80% protein content. Mixing

easily with milk or other fluids, baked goods, noodles and other foods without

smell or difference in taste, the flour is cheap to produce, does not spoil, needs no

refrigeration and thus can be transported easily into the hinterland where often

it is most needed.

The basic source for the fish flour is "unmarketable" fish which is thrown

overboard from fishing vessels. As Mr. Iselin has pointed our for years, this wastage

was "weeding the garden in reverse".





Early Man

may have

roamed the Atlantic Shelf

by K. O. EMERY

IN Europe early man decorated cave

walls with magnificent paintings and

etchings of mammoths, bison, deer, and
other game, but in North America he left

far less evidence of his activities and
food preferences. The earliest well-

authenticated man in North America is

known chiefly from his projectile points
the Clovis type of beautifully fluted

flints. The points have been found

throughout most of the United States,

western Canada, Alaska, and recently
in Nova Scotia. They occur in the same
areas where the teeth and sometimes
other bones of the extinct mastodons and

woolly mammoths have been found. At
several sites the points are so closely
associated with the bones that they

probably were the cause of death of the

huge beasts; several instances also exist

of projectiles embedded in the bone
itself. About twenty sites have charcoal

interbedded with the points so that

radio-carbon measurements on the char-

coal serve to date the men who made
the points. These dates range between

12,000 and 10,000 years ago, and their

distribution pattern is such as to indicate

a rapid migration of the men into the

United States from Alaska via a corridor

through glacial ice in western Canada.
Evidence suggests that the men who
used the Clovis points eventually were

displaced or assimilated by others using
a related Folsom point, presumably de-

veloped for hunting a now-extinct bison.



Recent findings from the continental

shelf between Nova Scotia and Florida

indicate the presence of a wide band of

relict sandy sediment left by the rising
sea level of post-glacial times. This sand
is iron stained, and commonly is

coarser than sediment nearer shore.

Underwater photographs and bottom

samples show the presence as deep as

90 meters of many empty shells of the

edible oyster that lives only in shallow

waters of estuaries and lagoons. Most
of these shells lie at or just beneath the

sediment surface; at two localities they
have been found deep in test borings,
but at depths below sea level equivalent
to those of the exposed shells. Radio-
carbon dates for eleven of the shells show
that the oysters that made the shells

lived 7,200 to 10,850 years ago; two
others are 17,300 and 21,000 years old.

Several dredgings also contain intertidal

peat now at depths as great as 59 meters.

Only one peat has been dated so far,

and it is 1 1,000 years old.

Dates for both oysters and peat indi-

cate that 1 1,000 years ago the sea level

was about 60 meters lower than at

present. This means that the present
continental shelf was exposed as a broad

gentle coastal plain during the time of the

elephant hunters. Dredgings by fisher-

men have recovered several teeth of

mammoths and mastodons from this sub-

merged region; probably many others

have been found but are unreported.*
Thus, the favorite food of early man
probably was present on the shelf dur-

ing the period that he is known to

have hunted and lived farther inland. In

all probability early man also ranged
the present shelf area. It seems doubtful
that he was able to subsist entirely upon
elephant meat because of the difficulty
of catching and killing the beasts, so

that much of the time he had to be
content with rabbits, grubs, berries, or

whatever he could catch or find.

It would be strange if some of the men
failed to discover the fine qualities of

oysters, clams, and fish, but this is just
what some archaeologists claim on the

basis of their failure to find kitchen mid-
dens of marine shells as old as the ashes

of cooking fires of the hunters. The
answer to this anomaly may well be that

the archaeologists have not discovered
the shell rubbish heaps because they lie

many kilometers at sea in depths of

about 60 meters. Obviously, the research

submarine 'Alvin' is a potentially impor-
tant future archaeological tool. We
may find that traverses across the con-

tinental shelf will reveal the presence of

shell middens of early man, possibly

including broken tools of the same fluted

workmanship as the projectile points of

the Clovis and Folsom type. Until such

finds are made, our marine scientists and
fisherman friends should keep a close

look for fluted stone tools and chips and
for elephant bones and masses of oyster
shells from the sea floor. These may well
mark important sites for future sea-going
archaeologists.

See: "Unusual hauls from Georges' Bank," by
E. Uchupi, Oceanus, Vol. X, No. 4.



Mastodon (foreground) and mammoth (back-

ground) dwarf the modern Asiatic elephant
between them and the nearby men.
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RELICT SANDY SURFACE

C 14 DATE OF SURFACE

Mammoth tooth recovered by the dragger
'Aloha' (Captain Magnus Isaksen) from 36

15.2'N, 7502.0 W, 35 meters. Photograph was

supplied by R. L. Wrigley (Bureau of Com-
mercial Fisheries).

Distribution of relict sand on the continental

shelf with positions of radiocarbon-dated
shallow-water shells and peat. Mastodon and
mammoth bones have been found at many
places on land (those indicated are to 1923)
and at a few on the sea floor. Fluted points of

the Clovis type are widespread on almost the

entire land area, but they are particularly
abundant at village sites shown on the map.



by A. KONNERTH

Curious swollen bones found in fossil deposits

and in kitchen middens appear in the

skeleton of some fishes.

Mr. KONNERTH is a member of the

Biology Department having joined the
Institution with a background in verte-

brate paleontology.

M,.ANY fossil and archeological collec-

tions throughout the world contain curious

unidentified swollen bones. These bones

usually are identified as belonging to fish

and are seldom identified beyond that.

But in most cases the bones can be
identified as to the part of the skeleton

they came from and sometimes it can be
stated to what fish they belonged.

The first mention of these swollen

bones in the literature dates from the

latter part of the 17th century. European
scientific literature makes frequent men-
tion of these oddities, but the American
literature is scant. Moreover, knowledge
of the existing literature of the obscure

bones periodically has been "lost", where-

upon someone re-identified them. Techni-
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cally known as hyperostoses there is a

reawakened interest in the bones. At this

Institution and at Harvard College's
Museum of Comparative Zoology, they
are commonly known as "Tilly Bones",
called in honor of Dr. Tilly Edinger of

Harvard who has long had an interest in

them. The author is working together
with Dr. Edinger.

Paleontologists are interested in identi-

fying the original "owners" of the bones
to complete their knowledge of the

animals of a particular region and period,
and to establish the evolutionary lines to

recent fishes. Identification of the bones
also may give evidence of the climate

and ecology of the locality in which they
were found.

Many of the "Tilly Bones" are found in

kitchen middens. For instance, we have
a small collection found at colonial

Williamsburg which remain to be identi-

fied. The bones came from locations

which were dated from 1640 to 1653 and
some from 1698. Obviously, identifica-

tion of bones from similar deposits can

provide information on the diet and

food-gathering habits of a group under

study by archeologists. Some fish will

take a hook, others need to be netted.

Some inhabit deep waters, others are

shore fish, etc.

Marine biologists also want to identify
the swollen bones, which are generally
found isolated from other skeletal remains.

That they are found in isolation is caused

by their being larger and denser bones
that withstand weathering, mechanical
breakdown and chemical dissolution much
better than the fragile bones of the rest

of the fish skeleton of which they were
a part. Being found in quantities simply
is indicative of a former local population.
The bones have been found in many
places such as the shores of the Red Sea,

the bottom of the Indian Ocean, in

kitchen middens of the Inca civilization,



Tilly Bones

on the beaches of Cape Cod and in fossil

deposits in Florida and California.

To identify the bones it is essential to

have a good collection of fish skeletons.

But such collections take time and money
to build up. To skeletonize one fish is

95% handwork and then there is the

storage problem. If a museum has thou-

sands of fish skeletons in cardboard

boxes, sliding drawers or other storage

space, the researcher with a particular

"Tilly Bone" in his hand might spend
weeks trying to find the species of fish

to which the bone belonged. In the

Senckenberg Museum in Frankfurt, Ger-

many, the skeletons are displayed on the

walls which makes the task much simpler.

These hyperostoses can originate in

two ways. Through the normal aging

process or pathologically. Originally, it

was believed, and still is by some people,
that hyperostoses are pathologic in

origin. For that reason one fish was
named Platax arthriticus. That the

swollen bones arise through an aging

process rather than disease is shown by
the fact that older specimens of certain

species always have these hyperostoses.

Those occasional hyperostoses that do
arise through disease can be identified

only if they are found in an actual fish

skeleton. The more common "Tilly
Bones" can be identified if there is com-

parative skeletal material at hand.

The elements that are subject to hyper-
ostoses vary from species to species, but

tend to remain constant within a given

species. In some fish they have a compact
internal structure and in others the bones

are spongy and light in weight. This

characteristic also tends to remain con-

stant within a given species.

Hyperostoses are not a rarity. In

certain large taxonomic groupings of

fishes this condition is widespread. It also

occurs in more isolated species. Fishes

bearing these "Tilly Bones" are found in

salt water around the world. They are

more commonly found in fish from
warmer areas of the sea. They have not

been reported from fresh water fish.

The list of fishes that develop these

bones is far from complete, and is con-

stantly being added to. A partial list

includes the haddock, (Mejonagrammus
aeglifinus); the spade fish (Chaetodipterus
faber); the common jack or crevalle

(Caranx hippos); the yellowtail jack
(C. bartholomei): the angelfish (Platax

pinnatus), and a lancetfish (Lepidopus
caudatus).

Species wanted

The author badly wants large species
of spadefish, 15 inches or more in length;
if any of our readers catches such a fish,

please freeze it and inform me. This fish

is found from Cape Cod to Brazil. I also

want to obtain a growth series of the

common jack and the yellowtail jack,
and am interested in any odd bones
found in fish, providing identification and

locality is given.

There are several questions that remain
to be answered about these "Tilly Bones".
A thorough survey of all marine fish is

needed to list those having the bones.

When do they begin to develop? Why
do they develop in some fishes and not

in others? Do the bones have a function?

SPADE FISH

8



Tilly Bones (Hyperostoses) in (he skeleton of

the common jack or crevalle. The swollen

bones in the juck originate through the normal

aging process.

Hyperostoses in a spadefish. Mr. Konnerth
would like to obtain larger species of this fish,

15 inches or more in length. (See left page).
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Of fh/s and /haf

OCEANUS readers usually get there first. In December newspapers carried

stories on weather modification, originating from the AAAS Meetings in Berkeley.
The work which we published in December 1964 (Vol. XI, No. 2) was mentioned

prominently. See: "The ocean as a laboratory for weather modification experi-

ments", by Dr. Joanne S. Malkus.

D,'R. ARTHUR E. MAXWELL has been appointed Associate Director. He
comes to the Institution from the Office of Naval Research where he was head of

the geophysics branch. Well known to oceanographers, Dr. Maxwell received his

doctorate degree from the Scripps Instituton of Oceanography in 1959.

-TOR those who have trouble with the metric system, we published a conversion

table in March 1964, Vol. X, No. 3, page 19.

D,'R. H. SANDERS of our staff was honored recently by having a new species
of crustacean named for him: the Sandersiella acuminate. The honor was con-

ferred by Dr. Sueo M. Shiino, noted Japanese specialist on Crustacea.

Since 1930 some thirty species of newly discovered marine life have been

named after present or former members of our staff. We intend to publish an
article on this subject.

E are pleased that many articles from Oceanus are reprinted in other

periodicals in the U.S. as well as abroad. The articles by Dr. Fye and Swallow
on the Red Sea "funny water" also were reprinted. UNESCO translated the

articles in 26 languages for its news service.

IN our last issue we mentioned that the R.V. 'Anton Bruun' of the National

Science Foundation, had found new resources of shrimp off Arabia. We learn that

a shrimp technologist from Atlanta, Ga. was appointed General Manager of a

British Company to develop the fishery. A shrimp Captain from Texas is the

principal Master of a fleet of seven vessels, while a 200 foot refrigerator ship is

being outfitted in Florida.
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A BOUT 200 people were present, and

many more had wished to be present, on
November 15, 1965, to honor Dr. Alfred

Clarence Redfield on his 75th birthday.

Connected with the Institution since

its first days, Dr. Redfield retired as

Associate Director Emeritus in 1957. A
special Supplement to Volume 10 of

"Limnology and Oceanography" was
dedicated to him.

Containing 30 papers by 50 authors

and co-authors, page proofs of the Vol-

ume, as well as another book, were

presented by Dr. Redfield's student, col-

league and friend, Dr. B. H. Ketchum:
Dr. Redfield at his birthday party flanked by
Dr. Paul M. Fye (right) and Dr. Ketchum.

I"J.T is my pleasure this evening to present to Dr. Redfield two gifts in com-

memoration of this occasion. It is not easy to select a gift for the seventy-fifth

birthday of a man who apparently already has all that he wants of the material

things of this world. The gifts that we have selected are books. Everyone who

has been in Alfred's study knows that he already has a book several books, in

fact. So, we had to think hard to make sure that those we present tonight do not

duplicate others on his shelves, and I think we have succeeded.

The first book has been very recently written, and indeed parts of it were

completed only this evening. Those parts are not yet enclosed within the covers,

but will be before the evening is over. I have said earlier, that many others would

have liked to be with us tonight but were unable to come. Some of these have

written letters and notes to Alfred which I now present to him in a booklet which

may help to remind him of this evening in time to come. The guest lists which

we have signed tonight will be included with this volume before we leave/'

Our director, Dr. Paul M. Fye was Master of Ceremonies for the evening.

Among the speakers was Mr. Milford R. Lawrence, Member of the Board of

Trustees, who discussed Dr. Redfield's many contributions to civic affairs.

See also: "Of Clams, Barnacles and Tides", Oceanus, Vol. II, No. 1. (A Profile: Dr.

A. C. Redfield).
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ATLANTIS

CIRCUMNAVK

Major purpose: To participate in the International Indian Ocean Expedition and

the co-operative Kuroshio Survey. Observations also were made in the Atlantic

Ocean, the Mediterranean, the Red Sea and the Pacific Ocean.

Departed Woods Hole: Jan. 21, 1965

Returned Woods Hole: Nov. 14, 1965

Welcomed by the Woods Hole Band and
an enormous banner.

Total miles steamed: 48,607.

Ports: Ceuta, Suez, Aden, Bombay, Colombo, Mombasa, Maroni, Diego Juarez,

Nossi Be, Diego Garcia, Seychelles, Mauritius, Rodriguez, Fort Dauphin, Durban,

Freemantle, Manila, Kobe, Osaka, Tokyo, San Diego, Panama.

Personnel: Chief scientists: A.R. Miller,

J. Stanbrough, N. Fofonof, H. Stommel,
L. V. Worthington, P. M. Fye.

Ship's personnel: Captains E. H. Hiller

and E. J. Tulley, 9 officers, 23 crew.

Foreign scientists participated from: France, Great Britain, Canada, Spain,

U.S.S.R., South Africa, Japan, Kenya.

U.S. scientists in addition to Woods Hole members: from M.I.T., Johns Hopkins,
Harvard, U.S. Navy Postgraduate School, U.S. Navy Oceanographic Office, U.S.

Coast and Geodetic Survey, U.S. Weather Bureau, U.S. Coast Guard.

;*
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Observations: Temperature, salinity, oxygen, phosphate, nitrate, nitrite, chlorophyll,

plankton tows, meteorological observations, sediment cores, continuous echo-

sounding, bird observations and collections, shell collections, shark statistics,

deep-sea light measurements, airborne salt-particles.

Data: 389 hydrographic stations

9,000 subsurface samples
3,700 Bathythermograph lowerings
14,000 salinity determinations done on
board by salinometer.

Special instrumentation: satellite navigation, VLF navigation, PDP-5 computer,
free fall and piston coring tubes, radio-sonde balloons, expendable BT's, Swallow

floats, current meters, deep-tow thermistors, Dymec data acquisition, automatic

recording of meteorological data, salt-bridge GEK, in-situ salinometers, Walden

telemetering buoy, magnetometer, velocimeter, cloud camera.

Showing the flag: The ship welcomed
visitors in port. On one day in Tokyo
308 signed the guest register! Other
visitors came from the Netherlands, South

Africa, Zululand, Texas, Great Britain,

Australia, Illinois, the RFA. Tidereacrf,

the Philippines, U.S.S.R., Canada,
California, Iowa, Indiana, Maine and
Minnesota. There was one: "Ex-Discovery
11" and guess? one from Brooklyn.

CRUISE NO. 15
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Since World War II, when many physicists contributed

to the development of underwater acoustics, oceanographers

have studied marine animals with sound-scattering

techniques and have used seismic reflections to map
sedimentary layers deep beneath the ocean

floor. The author presented the paper on which this

article is based as an invited address at the 8th

annual meeting of the Corporate Associates of the

American Institute of Physics on September 30, 1965.
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SOUND REFLECTIONS

in

and

under

OCEANS
by J. B. MERSEY

M..ODERN oceanography is founded
on the curiosity and interest of the

naturalist with a bent for things marine

who, in pursuing understanding of

plants and animals of the oceans, has

appreciated the need for comparable
understanding of their physical and
chemical environment. It is also founded
on the interest of the physicist who from
time to time has been called in to help

provide for a human need: to sound
ocean depths for laying cables, to make
more reliable fog signals, or to avoid

icebergs or deal with submarines. Some
of the latter have become interested in

the oceans or in the physics of the earth

beneath for their own sake. No matter

what their individual background, many
physicists have found fascination in the

science of the ocean.

The interests of naturalist and physicist
are in process of being welded together
in a common curiosity about the oceans

as part of a complex physical and bio-

logical system, as a huge natural resource,

as a complex device for the conduct of

international affairs, for defense, and

altogether as one of the largest and most

intriguing physical unknowns in the future

of mankind.

15
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Echo-sounder record showing three layers
of sound scatterers at shallow depths
(about 120, 200, and 2X0 fathoms) in the

deep sea. The line of echoes slanting from
the surface (left) to ahout 350 fathoms
(right) records the lowering of an instru-

ment from the research vessel.

5 MINUTES

The sunrise descent of deep scattering

layers recorded by a 12-kc/sec echo
sounder in the eastern Pacific off northern
Chile. The layers migrate downward at

dawn as though to hide from the light. A
layer which appears to have remained at

constant depth throughout the night is

shown near 300 fathoms.

DEPTH
IN
FATHOMS
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The sunset ascent of deep scattering

layers recorded by a 12-kc/sec echo
sounder in the western North Atlantic

near 4030'N, 50W. The echoes from
the sea floor, also shown in the other

figures as a continuous echo sequence, lie

in a different depth range from the scat-

tering layer. The appropriate depth scale

is indicated at right in each case.

Physics, both classical and modern,
finds a multiplicity of applications at

every turn in oceanography from im-

pellors to measure water currents to

lasers to measure light scattering in the

water. Of these the reflection or scatter-

ing of sound has proven to be among the

most useful, and its applications are

being intensely developed today. In this

paper two examples are described: the

study of pelagic fishes by means of

sound scattering, and the study of sedi-

ments of the ocean basins by means of

sound reflection.

Sound scattering by marine animals

The importance of sound scattering by
fishes and other marine animals was not

widely appreciated during the first two
decades when echo location by sound
was in common use at sea. Following the

inventions and developments of Chilowsky
and Langevin in France during World
War I, echo sounders were rapidly de-

veloped during the 1920's and 30's.

During this period immense survey pro-

grams were completed on the continental

shelves of the world, while in the deep
ocean many lines of soundings revealed

that the relief of the ocean floor was far

greater than had been supposed. There
were many shallow places, some of

which were obviously the tops of high
and rugged submarine mountains.

During World War II, research ia

support of antisubmarine warfare revealed

16



Sound

that there were layers of sound scatterers

at shallow depth in the deep oceans
whose echoes were observed not only as

reverberation on the submarine detectors,

but also were easily recorded on ordinary
echo sounders. Frequently the layers had
echoes as strong as those from the ocean
floor. After some initial confusion about
the possibility of electronic artifact, it

was strikingly established that the scat-

terers were animals. This was done at

the suggestion of Martin Johnson of the

Scripps Institution simply by observing
the .apparent depth of the layers through-
out a day and a night. At dawn the layers
were found to migrate downward as

though to hide from the light while at

sunset they returned to the surface.

Gradually, as oceanographers and car-

tographers accepted the findings and

contemplated the significance of these

layers, they realized that many of the

shoal soundings of the earlier years were

simply not from the bottom, but from
one of the deep scattering layers. Thus
for a time the layers were known as the

phantom bottom. Oceanographers also

appreciated that here was a method of

great potential value in studying the distri-

bution and habits of animals in the ocean.

If one made reasonable assumptions,
it was possible to measure the depth of

the various layers, their apparent rates of

descent and ascent during diurnal migra-
tion, and their geographic distribution.

The most difficult problem was identifi-

cation of the scatterers. The echoes
could not be identified with animals for

many years despite intensive fish-netting
efforts.

Two independent investigations of

physical scattering properties provided
the first strong clue about identification.

At Scripps in the early fifties V. C.

Anderson demonstrated that echoes of a

broad spectrum pulse from a spark dis-

charged underwater were phase reversed,

suggesting that the scatterer was acousti-

cally soft, probably some sort of gas
bubble. At about the same time R. H.
Backus and I employed small explosive

charges to observe the broad-spectrum

scattering of the layers south of New
England. There we found three sets of scat-

terers, one not found at all by our echo

sounders, which resonated at frequencies
between 3 and 30 kc/sec. Futhermore,

during migration at sunrise or sunset the

peak frequency of the scattering also

migrated, to a lower frequency at sunset

and the reverse at sunrise. We surmised

that the resonant scattering came from
the swim bladders of planktonic fishes,

and the most likely candidates at that

time seemed to be the myctophids or

lantern fishes and certain similar fishes.

Circumstantial evidence from fish nettings
off California and off New England fitted

this picture, but still provided no specific
identification of the layers.

Additional physical clues came from

studying the frequency migration in detail.

We were apparently seeing only the

dilatational mode of scattering, the higher
modes being well above the frequency

range of our equipment. In this mode
for spherical or prolate spheroidal bub-
bles of constant weight, the resonant

frequency varies as the 5 /6th power of

the presssure. We found that in a few

50 100 150 200 250 300

DEPTH IN METERS
J50 400 450

Sound spectrogram of an observa-
tion of deep scattering layers south
of Nova Scotia. The sound source
is a small explosion, and the re-

ceiver has a single sensitive beam
directed downward. The source and
receiver are close together and near
the surface. A magnetic-tape re-

cording was played at quarter

speed to a Kay Electric Vibraliser

to provide the frequency range in-

dicated. Layers having peak re-

sponses near 20 kc/sec, 9 kc/sec,
and 3 kc/sec are visible.
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Sound

instances layers appeared to migrate ap-

proximately according to this relationship.

However, for more layers the frequency
varied nearly as the 1/2 power of the

pressure. This relationship is to be

expected if the swim bladder remained
the same size during migration. It is thus

more in accord with the swim-bladder

hypothesis since the swim bladder will

maintain proper buoyancy during changes
in depth only if it stays nearly the same
size.

N. B. Marshall has presented extensive

anatomical evidence that these small

planktonic fishes may be able to secrete

and absorb gas during migration, although

physiological evidence that they actually
do this is still lacking. Thus on all

presently known evidence fishes with

swim bladders can reasonably account
for many of the scattering layers.

During these various researches much
has been learned about physical proper-
ties, habits, and distribution of these

scatterers. The layers are virtually world-

wide, but seldom are observed as layers
under Arctic conditions. The resonant
bubbles vary in diameter from a milli-

meter or so to a few centimeters, but

most of the myctophids, for example, are

not large fishes, one 10 cm long being
a big one. The population density even
in the midst of a dense scattering layer
is not necessarily great. In instances when
individuals could readily be resolved the

apparent density is measured as hundreds
of cubic meters of water per individual

scatterer! In other instances, when no
such resolution was possible with similar

apparatus, the scattering strength has

proven to fit the supposition of assem-

blages (in the order of 100 per m 3
) of

smaller animals, possibly the euphausid
shrimps. Such a population density of

euphausids is regarded as high and

probably rare. In the meantime sus-

pended underwater cameras and deep
submersibles, both the bathyscaphs Tri-
este' and 'Archimede' and the soucoupe
of Cousteau have been employed exten-

sively in attempts to identify various

scattering layers. Even with the aid of

direct visual observation at depth the

problem remains difficult and subtle.

Cousteau has recounted (personal com-
munication) identifying acoustic scatter-

ing layers of "snow", the colloquial term
for suspended matter (probably organic
detritus) frequently observed to form

layers in the open ocean. Also the recent

observations of Trieste
1

by Eric Barham
(1963) make a strong case for identifying
not only fishes such as myctophids but

also siphonophores with scattering layers.

Siphonophores are a class of jellyfish

many of which contain a gas bubble
which must be a resonant sound scatterer.

Thus it is apparent that large elements of

the once mysterious phantom bottom or

deep scattering layer are beginning to be

understood by means of a combination
of physical and biological researchers,
each of which supplements and stimulates

the other. We do not suppose that mycto-

phids, siphonophores, and euphausids

DEPTH IN METERS

Contour maps of a sequence of five shots taken

during a sunset migration at the times indicated.

Contours of equal sound level are two decibels

apart with lighter areas denoting highest levels. The
third shot in the sequence is the one represented in

the figure on page 17. Migration in depth and

peak scattering frequency is indicated.
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constitute the whole population of sound

scatterers; they are merely among the

least elusive. In fact other positive
identifications have been made, for in-

stance by Johnson et al. (1956). As our

techniques, and consequently our under-

standing improve, we anticipate that

acoustic scattering will prove a most

powerful tool in observing and measuring
the distribution of life in the deep sea.

Sound scatterers over the

continental slope east of
New England. The spe-
cies of fish producing the

scattering is unknown,
and each peak in the rec-

ord originates from a

group of organisms, each
such group being regarded
as an individual scatterer.

(Courtesy R. H. Backus)
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Sound reflection and ocean sediments

Turning to another borderline field of

science, that between physics and geology,
the geophysicists interested in the oceans
have found, since the mid-30's a vast

treasure of basic information about the

crust of the earth which has had a pro-
found influence on our concepts of the

dynamics of the earth. The delineation of

the shape of the ocean basins, strictly a

product of acoustics, and the discovery
that the outer crust of the Earth could be

precisely defined in seismic terms by the

transition from low P-wave velocity to a

nearly global 8.0 km/sec below the

Mohorovicic discontinuity has ushered in

an era in which basic discoveries about the

ocean basins are flooding in upon us in

bewildering profusion. The seismic re-

fraction method was successfully applied
to the measurement of the P-wave ve-

locity and the thickness of major units of

the oceanic crust of the Earth after its

early use in commercial exploration for

petroleum on land. This method depends
on observing the boundary wave, head

wave, or refraction arrival which travel

at the seismic velocity of the medium of

higher impedance along the boundary
between an incident medium of low im-

pedance and a reflecting medium of

higher impedance. Although this method

quickly provides basic data on the thick-

ness and major structural features of the

earth's crust, it tends to ignore the sedi-

mentary blanket of the ocean floor

because of its lower velocity and com-

parative thinness, and it also tends to

make exceedingly complex structures ap-

pear like uniform layers. In a severe

over-simplification the Earth's crust, com-

prising layers of less than about 6.9

km/sec P-wave velocity, is from 30 to

60 km beneath the continents and 4 to

10 km thick beneath the oceans. In the

oceans the P-wave velocity increases from
that of sea water near 1 .5 km/sec to that

of the deepest crustal layer of about 6.5

to 6.8 km/sec. In regions of unusual
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structure the crust and upper mantle

appear to have blended to produce rocks

having velocities in the range 6.9 to

7.6 km/sec. It is obviously of interest to

know more of these variations and blends
in the deeper high-speed rocks. Never-
theless, it is also of great interest to study
the sediments laid down in the modern
oceans as a key to the processes of the

geologic past. Furthermore, it has long
been apparent that the results of the

refraction method were mainly valid for

broad generalizations about crustal struc-

ture and that shallow structures were

scarcely explored at all by this method.

Observations of sound reflection, long
successful in mapping oil structures on
land and in shallow water, were applied
to the study of rocks beneath the deep
ocean shortly after World War II. The
early recordings were made of bottom
reflections of explosions detonated near

the ocean surface, and it was quickly
demonstrated that energy which had

penetrated below the sea floor was being
received. Weibull, on the Swedish 'Alba-

tross' expedition of 1947-1948, shot

charges at different depths in the sea and
showed that certain pulses of sound, after

the first reflection from the bottom, were
received at a fixed time after the bottom
reflection independent of the depth of

the shot or receiving hydrophone. At
Woods Hole we showed that the sound

spectrum of certain reflections arriving a

half second or more after the bottom
reflection contained a lesser proportion
of high-frequency energy than that of the

bottom reflection. Since high frequencies
are more highly attenuated in sediment
or rock than low frequencies, penetration
below the bottom was indicated. Many
bottom reflections were recorded, usually

spaced several miles apart, during the

next two or three years. With few excep-
tions, however, the wave train following
the bottom reflection was so complex and
varied so much over a few miles that

little geological understanding came from
the work and it was dropped.

Development continued since we ap-
preciated that if the information rate

could be increased greatly it should be

possible to link these dissimilar wave
trains through a series of closely spaced

reflections that would reveal how one
became transformed to the other. This

very pattern of change should allow us
to deduce much about the structure of
the sediments and rock.

It seemed nearly impossible to shoot

explosives rapidly enough to provide the

necessary data, and the project was
delayed for a short time. When in 1950
V. C. Anderson made his sound-scattering
experiments with the electric spark, we
were reminded that such a source could

probably be towed through the ocean
while being actuated repeatedly on a

regular schedule. The spark had a broad
sound spectrum and should behave some-
what like an explosion, though much
weaker. We elected to use the recorder
from an ordinary echo sounder to control
the actuation of a spark-discharge ap-
paratus which we called the sparker. We
received bottom echoes of sound pulses
from the spark over a hydrophone de-

signed for flat response in the range from
100 to 8000 kcps. The first sparker
stored 8 joules of electrical energy, and
we were doing well if we converted one

percent of it into sound. Nevertheless,
with such apparatus we could conduct
useful measurements in the shallow waters
of harbors and estuaries, like the profile
across Narragansett Bay. This shows a

deep channel now nearly filled by two
different types of sediment. This weak
apparatus was useless farther out at sea,
and we quickly developed sparkers stor-

ing 500, 1000, 25000, 100000 joules.
The efficiency of conversion to sound was
increased as well, so that by 1961 we
were able to make strikingly good, con-
tinuous recordings of echoes in water
over two miles deep. But in order to

achieve these we had to tow spark
electrodes and hydrophones at not more
than 3 or 4 knots through the water.

While these developments were going
on a comparable system was independ-
ently developed in the laboratories of the

Socony Mobil Company (the Sonoprobe)
and about 1957 other geophysical groups
around the country began parallel devel-

opments which have proliferated in

academic research and in industry. The
most powerful and productive model was
that developed at the Lamont Geological
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Seismic reflection profile across buried channel in Narragansett Bay, R. I. This record was
obtained using the earliest type of sparker, which stored 8 joules of electrical energy. Outline
of the channel, and the two sediment layers which now almost fill it, are clearly visible.
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Madeira. This record was obtained using a
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Reflection profile taken in more than four miles of water showing reflecting
surfaces about 1.5 to 2.0 km below the sea floor. (After Bunce.)
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Observatory of Columbia University
which employed small charges of TNT
and has been used for several continuous

world-circling profiles. In recent years

explosives have been abandoned by the

Lament group in favor of a sound source

based on releasing a bubble of com-

pressed air suddenly into the sea. Various

sound sources; the Boomer, the propane

gun, and others have been described and

are in use today.

So simple a device for exploration of

the ocean has gained rapid acceptance,
and, in one form or another, is in use in

many countries of the world today.

The development of hydrophones suit-

able for towing at reasonably high speeds
astern of research or survey vessels is

receiving great emphasis now. Over the

past four years we have learned to tow

simple directional arrays of receivers and
to tow them rather quietly by reducing
flow noise and the effect of the noisy

propulsion plants of our ships. This de-

velopment is expensive and proceeds

slowly, but already it has become possible
to take good data from reflecting surfaces

3 km or more below the sea floor in the

open ocean in more that four miles of

water. Furthermore, this can now be done
from a ship proceeding at ten knots or

more.

The most reliable information now
comes from layered sediments and vol-

canic flows which form nearly horizontal

reflecting surfaces. These lie in or bury
a very rough surface which is the upper
bound of a rock layer of the crust having
a P-wave velocity of 5.2 to 5.5 km/sec.
It has not been possible to record exten-

sive evidence of structure below this

surface by the reflection method. Pos-

sibly the very rugged relief will frustrate

our efforts to do this, but nevertheless

the rewards of success seem easily as

great as the fascinating story being told

about the sediments of the deep ocean

by the seismic profilers of today.

American geophysicists using this tech-

nique are developing a general picture of

sedimentation in the deep ocean which is

the most exciting and diverse in marine
science today. The major features of the

distribution of modern sediments are

becoming known while structures beneath

the continental shelves in shallow water

and those beneath the deepest ocean

basins are revealed with nearly equal
ease. The mystery of sediment transport
in the deep ocean, where currents were

thought to be very slow, is becoming
understandable. But there is one obvious

fly in the ointment; we do not know what
these layers are, nor can we identify the

still deeper rocks even though we know
their P-wave velocity. Just as in the case

of the deep scattering layers we can ob-

serve and measure certain very significant

properties of the sound reflectors; but

their actual identity, which must be

known in order to reconstruct geologic

history, remains largely hidden. We have
had some success at dredging rocks where

layers crop out, such as on the north wall

of the Puerto Rico Trench, and we can

sample a few meters of sediment by cor-

ing. For some years we have been con-

vinced that true identifications and hence

trustworthy geological deductions would
have to be based on samples obtained

by drilling deep into the crust of the

earth. A portion of this need is encom-

passed in project Mohole, which was un-

dertaken by the National Science Foun-
dation to sample the Earth's mantle

below the Mohorovicic discontinuity. We
have also needed a broadly directed pro-

gram of drilling to provide sediment and
rock samples from many critical parts of

the ocean. A recent cooperative approach

by several oceanographic institutions and
laboratories has started a program of

drilling off the east coast of Florida this

past spring. This is worth undertaking,

largely because we have obtained such

beautifully detailed structural profiles to

guide the drilling. Through study of the

core samples other scientific programs in

sedimentology, petrology, paleontology,

geochemistry, and other specialties will

be able to throw decisive light on many
of the great problems of geology such as

the age of the modern oceans, the role

of continental drifting in earth history,

the nature of the interaction between the

crust and the mantle. Altogether this

particular aspect of the application of

physics to submarine geology seems to

us one of the most exciting in science

today.
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Reflection profile taken over north wall of the Puerto Rico Trench showing outcrops of sediment layers.

This article appeared first in the November 1965
issuse of 'Physics Today', (Vol. 18, No. 11) and
is reprinted with the permission of the American
Institute of Physics.

Dr. Hersey, right, with rock dredged
from the north wall of the Puerto
Rico Trench. Dr. Hersey is geo-

physicist on our staff, and has

specialized in submarine geophysics
and hydroacoustics since 1946. He
is professor of oceanography at

the Massachusetts Institute of

Technology and has contributed

frequently to Oceanus.
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Recent Publications

Reid, R. O. "Hidrotermodinamica". The

Argentine Hydrographic Office, Publ.

No. H. 635.

Orders exclusively from: Librat SRL
Casilla de Coreo 5047, Buenos Aires.

Price not given.

A treatise on physical oceanography
to provide a work in Spanish for students

and others. Translated by Captain
L. R. A. Cappuro from an unpublished
work.

Boltovsky, E. "Planktonological Diction-

ary". The Argentine Hydrographic Office.

Publ. No. H. 1019.

Order as above.

A most useful dictionary of technical

terms used in the scientific literature. In

English, Spanish, German, French and
Russian.

Svensson, S. "Sails through the centur-

ies". The Macmillan Co. 1965. $5.95.

Sixty handsome pen and brush draw-

ings by Gordon Macfie, with about an

equal number of pages of text make this

small book a delight for all who love the

sea. Someday, however, we should like

to see a mention of the contributions

sailing ships have made to science.

"The Biological significance of climatic

changes in Britain." Johnson, C. G. and

Smith, L. P. Ed. Academic Press. 1965.

$7.00.

Well, we have said so for a long time!

The Gulf Stream is not even mentioned
in this book. There is a fine discussion

of changes in the northern Atlantic cold

currents and the circulation of the North
Sea. Observations on the effect of climate

and weather on marine communities are

discussed in another chapter.

Marteka, V. "Bionics". J. B. Lippincott.
1965. $4.25.

"Bionics" is a new word for the study
of the use of sonar by bats and dolphins,
the ways bees find honey, etc., and how
to adapt some biological phenomena to

man's benefit. For High School readers.

The work of Wm. E. Schevill and
Barbara Lawrence is mentioned.

Anon. "Exploration of the Sea". Her

Majesty's Stationery Office. Miscellan-

eous No. 7. (1965). $0.20 (ninepence).

May be ordered from the Britsh In-

formation Service, N.Y.

In six pages, this contains the new
Constitution of the International Council

for the Exploration of the Sea.

Also received:

A. T. Cross, Ed. "Palynology in Oil

Exploration". A Symposium. Soc. of

Econ. Paleantol. and Mineral. Spec.
Publ. No. 11. 1964. $8.00.

Joe Lambert J OE left us on November 20, after a brief illness.

He was with the Institution as ship's cook on the

'Atlantis' and the 'Atlantis II' since 1951.

Frail as he was it was hard to understand how

Joe stood the heavy work and the heat of the

tropics in the hot galley. Often when coming on

watch at 0400 we were delighted by a mountain of

fresh baked goods direct from the oven.

He was an excellent cook, he was part of our

Institution, and more: he was a good man.

Fair weather and good sailing, Joe. We miss you.

j.h.
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